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Abstract

We determined astrophysical and dynamical parameters of the open clusters
(OCs)NGC 2587, Collinder 268 (Col 268), Melotte 72 (Mel 72), and Pismis 7 from
Gaia DR2 photometric/astrometric data and a new technique, fitCMD. fitCMD
provides (Z, Age(Gyr)) as (0.025, 0.45) for NGC 2587, (0.0025, 0.5) for Col 268,
(0.011, 1.25) for Mel 72, and (0.008, 1.00) for Pismis 7, respectively. As com-
pared to Gaia DR2 distances, the obtained photometric distances from fitCMD
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are in good concordance. Except for NGC 2587, the ages of the remaining OCs
are higher than their relaxation times, which suggests that they are dynamically
relaxed. NGC 2587 did not undergo dynamical evolution. Mel 72 and Pismis 7
with relatively flat MF slopes indicate signs of a somewhat advanced dynam-
ical evolution, in the sense that they appear to have lost a significant fraction
of their low-mass stars to the field. Pismis 7’s negative/flat mass function slope
indicates that its high mass stars slightly outnumber its low mass ones. Given its
mild dynamical evolution, the high mass stars move toward the central region,
while low-mass stars are continually being lost to the field. Col 268 presents
small dimensions, which suggest a primordial origin. The outer parts of Mel 72
and Pismis 7—with large cluster radii expand with time, while Mel 72’s core
contracts because of dynamical relaxation.
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1 | INTRODUCTION

stars inside the OCs undergo internal and external
perturbations such as stellar evolution, mass segregation,

Astrophysical parameters (reddening, distance, age),
structural parameters (core and cluster radii, Reore and
Rrpp), and overall masses, mass function slopes (y,
MF slopes), relaxation times (fi1x), and evolutionary
parameters (z) of the open clusters (OCs) are needed
for the interpretation of the dynamical evolution. The

and encounters with the disk and Giant Molecular Clouds
(GMCs) (Gieles et al. 2007; Lamers & Gieles 2006). All
these processes produce a varying degree of mass loss that
may lead to the cluster dissolution into the field. Mass
segregation preferentially drives the low mass stars to the
outer parts of the clusters.
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FIGURE 1 The yu, versus us, parallax histogram plus Gaia CMD for NGC 2587 and Col 268. The red circles indicate the cluster region.
Ha Hs

The parallax histograms of the potential members inside the red circles are shown in the bottom left. The cluster stars inside w + o, mas (the

vertical/horizontal lines on the parallax histograms) are our likely members. A single stellar cluster sequence of the probable members (filled

dots of bottom right panels) is clearly seen on the (G, Ggp—Ggp) CMDs

Our sample OCs, NGC 2587, Col 268, Mel 72, and
Pismis 7 were studied in 2MASS JHK; by Bukowiecki
et al. (2011, hereafter, B11) and Kharchenko et al. (2013,
hereafter, K13). Tadross (2011) published the astrophys-
ical parameters of NGC 2587 in 2MASS. The astrophys-
ical parameters of Melotte 72 (Mel 72) were derived in
UBVI photometry by Hasegawa et al. (2008) and Piatti
et al. (2009). B11 published their astrophysical/structural
parameters, and their masses/MF slopes, except for Pismis
7. K13 also gave their astrophysical parameters together
with their core radii (Tables 6 and 7).

The likely members of four OCs have been determined
from Gaia DR2 astrometric/photometric data (Brown
et al. 2018; Lindegren et al. 2018). To study the issues
above, the well-determined cluster parameters (heavy

element abundance, color excess, distance modulus/dis-
tance, age, and mass) are needed. For this, we employ an
approach fitCMD, designed by Bonatto (2019). fitCMD uses
the isochrones of Bressan et al. (2012) (hereafter B12) and
G, Ggp, and Ggp filters.

This paper is organized as follows. The cluster mem-
bership technique is presented in Section 2. The derivation
of reddenings, distance moduli/distances, and ages of four
OCs from fitCMD algorithm is explained in Section 3.
The obtained cluster dimensions, masses/mass function
slopes, and relaxation times/evolutionary parameters of
four OCs are given in Sections 4 and 5. A Discussion
and Conclusion is presented in Section 6 together with
the sub-sections; a comparison with the literature and the
dynamical evolution.

858017 SUOWILLIOD @A 181D 3|cedldde ayy Aq peusenob a1e so ol YO ‘8sh Josa|n. 10y ARiq1T8UIIUO A1 UO (SUONIPUCD-PUB-SULBI WO A8 | 1M ARIq 1 BUI|UO//SANL) SUORIPUOD PUe SWB | 8U1 88S *[5202/0T/ST] Lo AkidqiTauluo A8|im ‘AisIeAIuN UnpeH uq | Aq £86ETTZ0Z BUSe/Z00T 0T/I0p/L00" A8 1M Ake.d 1 jpul|uo//:sdny wol pepeojumod ‘8-2 ‘T202 ‘Y66ETZST



CAKMAK ET AL. Astronomische 977
Nachrichten
T T T I T
041 B
02+ B
Mel 72 Pismis 7
0.0 T T T T T T C I|
6k A 7 -
5r | B -
T T
: g
>4 — -] = |
1] 2]
© ©
€ £
° ©
X =5
3 q A =
2 A b 4
st el Il 1 I L " L
-2 -3 -4 -5 -6 00 0.2 04 0.2 0.4
Mg mas year™
10F T T ¥ T T
100 e e T Mel72 566 . I . . Pismis 7

- Mistars
—— Cluster Members

ol 4

. i L . . . I L i L
02 00 02 04 06 08 10 0.5 10
@ (mas) Gpp — Grp

FIGURE 2
same as Figure 1

2 | SEPARATION OF THE
CLUSTER MEMBERS

In order to separate the cluster members of NGC 2587,
Collinder 268 (Col 268), Mel 72, and Pismis 7, we have
obtained their Gaia DR2 astrometric/photometric data
(Brown et al. 2018) for a large-area (15 arcmin) from
VizieR.! Their cluster stars are shown on the (yg, us)
diagrams (hereafter, VPD) (Figures 1 and 2). The poten-
tial cluster members show a more concentrated structure,
whereas field stars have a more scattered distribution.
The eye-fitted proper motion radii (red circles) repre-
sent the cluster region. They have been constructed via
the mathematical equations, x = xy + rcos(@) andy =y, +
rsin(@). Here, (xo, yo) are the median values of (uq, ps)

(mas year™"), the radius r = 4 /o}, + o>, mas year~', and

! http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=11/246.
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The u, versus us, parallax histogram plus Gaia CMD for Mel 72 and Pismis 7. The symbols and their meanings are the

0 =0°-360°. These proper motion radii are listed in Col-
umn 4 of Table 2, and they are a good compromise for the
likely cluster members. The median values of the proper
motion histograms on top/right of the VPDs (vertical/hor-
izontal blue lines) make it easier to determine the proper
motion value of the cluster’s center. The median values
(w £ 6, mas) of the parallax histograms (bottom-left pan-
els) for the cluster stars inside the red circles classify the
probable members. By applying Gaussian Mixture Model
(GMM) (Pedregosa et al. (2011)) to the probable mem-
bers inside w + 6, mas, their membership probabilities,
P(%), have also been determined in order to check. They
have greater than 80% (vertical dashed lines of Figure 3).
The GMM? model considers that the distribution of proper

2P is defined @ ./®. Here ® = @, + & is the total probability distribution.
c and f subscripts for cluster and field parameters, respectively. The
used parameters for estimation of ®. and @; are y,, s, @, 6,45 Oyss Orp-
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FIGURE 3 The membership probability histogram P(%) of
four OCs. The vertical blue dotted lines show the likely members
which are greater than 80% inside w + ¢, mas

motions of the stars in a cluster’s region can be repre-
sented by two elliptical bivariate Gaussians. The expres-
sions used can be found in the papers of Balaguer-Nunez
et al. (1998), Wu et al. (2002), Sariya et al. (2012), and
Dias et al. (2018). These probable members provide good
single stellar sequence on the Gaia DR2 (G, Ggp—Ggp)
color-magnitude diagrams (CMDs) (bottom-right panels
of Figures 1 and 2), and thus they are considered for deter-
mining the astrophysical parameters. Note that the scatter
of the members on the (G, Ggp—Grp) of Pismis 7 is similar
to fig. 2 of Ahumada (2005). The estimated median equa-
torial coordinates from the likely members of our OCs are
listed in Table 1. These coordinates are similar to those of
WEBDA (Mermilliod 1992).

Instead of the inverse of Gaia-DR2 parallaxes, the
distances of four OCs are obtained from the pos-
terior probability density functions (PDFs)® given by
Bailer-Jones et al. (2018) and Bailer-Jones et al. (2021).
For this, we use the global zero point of —0.017 mas
(Lindegren et al. 2021). The median proper motion

Shttps://www2.mpia-hd.mpg.de/calj/gedr3-distances/main.html.

components/the proper motion radii and the median
parallaxes/distances of four OCs are listed in Table 2.
Within the errors, their median values are in com-
patible with those of Cantat-Gaudin et al. (2018) and
Cantat-Gaudin et al. (2020) (bottom panel of Table 2).
However, note that both median parallaxes of Pismis 7 are
somewhat different.

3 | DERIVATION OF REDDENING,
DISTANCE, AGE, AND MASS

In order to obtain the astrophysical parameters from Gaia
DR2 (G, Ggp—Ggp) for the probable members of four
OCs, an approach (fitCMD) improved by Bonatto (2019)
is utilized. fitCMD is to transpose theoretical initial mass
function (IMF) properties for the isochrones of given age
and metallicity to their observational CMDs. Based on
IMF properties of the B12 PARSEC isochrones,* fitCMD
searches for the values of cluster stellar mass (m.), age,
global metallicity (Z), foreground reddening E(Ggp—Ggp),
distance modulus (m — M), and magnitude-dependent
photometric completeness that produce the artificial and
observational CMDs. The adopted parameter ranges are
presented in Table 3. The photometric completeness lim-
its, which are estimated from Fermi function, are given in
Row 9 of Table 3.

For the members, a Gaia DR2 CMD with the IMF is
built for each isochrone (at DM = 0 and no reddening).
By CMD cell-containing stars with mass in the range
(m1, m2), the following parameters are obtained, the num-
ber of stars per cluster mass ng = N;,/m and the average
mass (< m >), which basically involves integrating the
mass function (¢(m) = dN/dm) between (m1, m2): Ny, =
f,:ﬁzd)(m) dm. Each CMD cell contains the respective rel-
ative density (number per cluster mass) of occurrence
of stars, which is equivalent to the classical Hess dia-
gram, Hy = Hy(mq, age, Z). The parameter search con-
sists on finding the absolute minimum of the resid-
ual hyper-surface Ry defined as Ry = (Hops — Hsim)?,
where H,s is the observed Hess diagram and Hgy =
Hgm(mq, age, Z, CE, DM, kp, myo) is the simulated one.
Here, CE, DM, kr, and mro mean the color excess,
distance modulus, the steepness of the descent, and
turn-off magnitude, respectively. The adopted threshold-
s/Hess cell numbers/Hess widths for Gaia colors/mag-
nitudes are listed in Rows 7 and 8 of Table 3. The val-
ues for seven parameters at the absolute minimum are
assumed to represent those of the star cluster. In prac-
tical terms, locating the minima of Ry is equivalent to

“http://stev.oapd.inaf.it/cgi-bin/cmd.
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TABLE 1 Equatorial and Galactic coordinates Clust S oo o e

of four OCs L (2000) (hms) (2000) (") ) ©)
NGC 2587 08 23 22.9 —-293102.1 249.46 4.46
Col 268 131811.4 —67 05 00.0 305.54 —4.35
Mel 72 07 38 31.3 —-104151.4 227.84 5.38
Pismis 7 08 41 08.0 —38 42 08.6 259.05 1.99

TABLE 2 The median proper motion components, proper motion radii and parallaxes/distances of the likely

members of four OCs for this paper (top rows) and Cantat-Gaudin et al. (2020) (bottom rows)

Cluster U, (masyear™!) us (mas year™1) Ar (mas year™') w (mas) d (kpc)
NGC 2587 —4.27 +£0.08 3.57 £0.08 0.21 0.31 +0.03 3.25+£0.08
Col 268 —5.48 +0.08 —0.40 +0.07 0.19 0.37 +0.06 2.67 £0.13
Mel 72 —4.18 +0.08 3.66 +0.07 0.21 0.38 +0.05 2.61 £0.08
Pismis 7 —3.31 +0.09 2.77 £0.10 0.15 0.19 +0.04 4.82 +£0.35
NGC 2587 —4.26 +0.09 3.59 +0.11 0.30 +£0.05 3.39 +£0.59
Col 268 —5.48 +0.09 —0.40 +0.08 0.36 +0.04 2.80 +£0.30
Mel 72 —4.16 +£0.11 3.68 +0.09 0.37 +0.06 2.71 £0.40
Pismis 7 —3.31 +0.09 2.79 +0.13 0.15 +0.06 6.67 +2.44
TABLE 3  The parameters which are used for fitCMD

Cluster NGC 2587 Col 268 Mel 72 Pismis 7

Cluster (stellar) mass (mg)  100-1000 10-10,000 100-1000 10-10,000

(m — M) (mag) 10.0-15.0 10.8-15.1 10.0-15.0 12.0-17.0

E(Gpp—Grp) (mag) 0.00-1.00 0.0074-1.76 0.00-1.00 0.00-2.00

Age (Myr) 100-1000 100-1000 100-10,000 120-13,500

Z (Zy = +40.0152) 0.0001-0.03 0.0001-0.03 0.0001-0.03 0.0001-0.03

Ay (mag) 3.1 3.1 3.1 3.1

(Ggp—Ggp) threshold/Hess
cell/cell width (mag)

G threshold/Hess cell/cell
width (mag)

(0.08-1.41)/67/0.020

(11.75-18.06)/64/0.100

(0.37-2.20)/92/0.020

(11.15-17.58)/65/0.100

Photometric completeness G < 17.17 G < 16.46
(mag)
Usable members 118 128

(0.19-1.64)/73/0.020

(12.31-19.40)/71/0.101

G <17.02

273

(0.63-2.58)/98/0.020

(12.00-18.83)/69/0.101

G < 18.08

204

finding the parameters that minimize the quantity Sg.
Here, Sg = .40 col W(mag) X Rp(mag, col) on the color/-
magnitude plane. The sum runs over all Hess cells and
W(mag) is the statistical weight of each cell. W(mag)
corresponds to the inverse of the observed Hess density
computed at the respective magnitude of each cell, that
is, W(mag) = 1/ ', Hobs(mag, col). Residual minimiza-
tion between observed and synthetic CMDs—by means
of the global optimization algorithm SA—then leads to

the best-fitting parameters. Simulated Annealing (SA) is
an iterative and statistical technique. For any given step
k, it randomly selects a new set of parameters (M f, agek,
7k CE*, DMF, kf., mk ) from the respective ranges. Thus,
SA concentrates on smaller parameter ranges, centered
around the most promising values, and a new step (k + 1)
is taken. Iterations stop when SA meets the convergence
criterion: five consecutive repetitions of the same value of
Sk. However, for the statistical nature of SA, fitCMD should
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FIGURE 4

(G, Ggp—Ggp) CMDs (Hess
diagram) for NGC 2587 and
Col 268. The blue dots
represent the probable
members (the bottom rows of
Table 3). Solid black lines
denote the B12 isochrones.
The colored shaded regions
show the relative stellar
densities (number per cluster
mass) within CMD cells
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- (G, Ggp—Ggp) CMDs (Hess
diagram) for Mel 72 and

Pismis 7. The symbols and
their meanings are the same
as Figure 4
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be repeated a few times to minimize the probability of
getting stuck into a deep, but secondary minimum.

The efficiency of fitCMD for input parameters is
tested with simulated CMDs, built with pre-defined val-
ues of seven parameters. Individual stellar masses are
attributed according to Kroupa’s IMF (Kroupa 2001)—for
masses larger than 0.1 mg—until the sum matches mg;
the respective magnitudes are taken from the PAR-
SEC isochrone corresponding to age and Z. Typical
photometric uncertainties are added for each Gaia DR2
filters and their uncertainties (o). If the age, metallicity,
distance modulus, and color excess are reasonably well
determined, the ratio observed/artificial Hess cells content
corresponds to my,.

0. 2 1.4 1.6

6 0.8 1 1
(Ggp—Grp)

The obtained best-fitting astrophysical parameters
E(Ggp—Grp), EBB-V), Z,(V — My)y, d (pc), and age (Gyr)
are given in Table 6. The observed (G, Ggp—Ggrp) CMDs
(Hess diagrams) are shown in Figures 4 and 5. The B12
isochrones (solid red lines) fit well the main sequence
(MS), turn-off (TO) and Red Giant/Red Clump (RG/RC)
regions.

4 | DIMENSION AND MASS
FUNCTION

By utilizing the stellar radial density profiles (RDPs), we
have derived structural parameters of four OCs. The fitted
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FIGURE 6  Stellar RDPs (filled dots) of four OCs. Solid line shows the best-fit King profile. Horizontal bar: stellar background level

measured in the comparison field. Shaded region: 1¢ King fit uncertainty

RDPs of four OCs to the relation of King (1966) have been
displayed in Figure 6. For this, the three-parameter func-
tion, 6(R) = obg + 00/(1 + (R/Rcore)?, given by King (1966)
is considered. For this equation, oy, is the residual back-
ground density. oy and Reoe are the central density of
stars and the core radius, respectively. The meanings
of solid line, horizontal bar, and the shaded area are
mentioned in caption of Figure 6. We obtained the clus-
ter radii (Rgrpp) by comparing the RDP level with back-
ground and by measuring the distance from the center.
The Rcore, Ovg, and op of four OCs have been derived
from the fitted King profile to the observational RDPs
(Figure 6). The large uncertainties within R < 1’ in the
RDPs are due to their low star contents in their central
parts. These structural parameters are listed in Columns
3-10 of Table 7.

From the obtained masses from fitCMD (Section 3), the
mass function relation of ¢(m)(stars m(;l) versus m(meg)
is displayed in Figure 7 for the overall parts of four OCs.
Table 4 provides the mass information. The observed num-
ber of stars and the corresponding total mass (obviously,
the mass is computed by the simulation) are listed in
Columns 4 and 5. The mass range (Column 3) refers to
the mass which is actually present in the observed CMDs,
while my(mg) and star number (Columns 6 and 7) refer to
SfitCMD’s full simulation (including stars with > 0.08 mg).
Ideally, the simulated number of stars should be exactly
the same as the observed, but sometimes there are resid-
ual field stars. The full simulation corresponds to the
whole mass range assumed to be present in the cluster.
For instance, in the case of NGC 2587, the observed CMD
contains 118 stars with my, = 180 mg in the mass range:
0.96-3.09 mg; if we had access to the full range, the stars
would have masses between 0.08 and 3.09 mg. Therefore,
SfitCMD computes the values for this full range as 1621 stars
storing 681 mg.

The MF slopes shown in the plots are the observed
ones, that is, those computed directly from the observed
CMDs. The theoretical IMF is used only for the purpose of
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FIGURE 7 ¢(m) versus m (mg,) for the overall regions of

four OCs. Here ¢p(m) = dN/dm (stars mgl)

estimating the completeness-corrected mass (by estimat-
ing the difference in the number of stars actually detected
at a given magnitude with respect to the expected one).
Therefore, all the other parameters are unaffected by this
procedure.
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TABLE 4 Massinformation for the overall regions of four OCs. Their meanings are explained in Section 4
Cluster r (pc) Mass range, m(mg) N My (Mg) N My (M)
NGC 2587 0.0-13.7 0.96-3.09 118 180 1621 681
Col 268 0.0-5.0 0.84-2.52 128 170 1901 748
Mel 72 0.0-14.9 0.66-2.06 273 310 2546 950
Pismis 7 0.0-13.7 1.06-2.18 204 230 2575 973
TABLE 5 Relaxation times and evolutionary

parameters of overall regions of four OCs

Cluster tx (Myr) T

NGC 2587 1120.7 +814.0 04+0.3
Col 268 250.0 +142.5 20+1.2
Mel 72 592.7 £341.0 21+1.2
Pismis 7 148.8 +£105.0 6.7+4.8

The mass function slope (MFs) of NGC 2587 (Figure 7)
presents a break followed by slope flattening for masses
in the range 0.96 < mg < 3.09, which is noticeable par-
ticularly in the overall region. Up to m ~ 1.5mg, its over-
all MFs is very steep negative (y = —2.60 + 0.46). After
m > 1.5mg, this MFs becomes very steep positive (y =
+1.98 + 0.63). Since the break occurs at m ~ 1.5mg, it is
not the same as that implied by Kroupa’s mass function
(m ~ 0.5mg). This break is due to completeness affecting
masses lower than m ~ 1.5mg. We use the MFs for m >
1.5mg, as representative of the overall cluster. This mass
range does not seem to be critically affected by complete-
ness. The overall MF slopes of Col 268 and Mel 72 are
quite positive/flat (y = +0.61 +0.23) and (y = +0.54 =
0.23), respectively. Pismis 7’s overall MFs is negative/flat
(y =—0.76 + 0.25).

5 | RELAXATION TIME AND
EVOLUTIONARY PARAMETER

The relaxation times, t;x (Myr) of four OCs are obtained

. - N R .
from a relation, t;x ~ 0.04 <1n N) <1pc>. Here N is the

number of stars located inside the cluster radius, Rrpp.
As an indicator of dynamical evolution, the evolutionary
parameters are estimated from the relation of = Age/tx.
The relations of these time scales can be found in the
works of Bonatto et al. (2005), Bonatto & Bica (2006) and
Bonatto & Bica (2007). By adopting ¢, ~ 1 km s as an
upper value explicitly (Bonatto & Bica 2011), instead of
oy ~ 3 km s™! of Binney & Merrifield (1998), these time
scales are estimated and listed in Table 5.

tix gives the time required for the stars in the core/halo
to travel from one end of these regions to the other
(Stars move at o, ~ 1 km s™1). Mass segregation (known
as migrating from the cores to halo) is directly related
to tyx and 7. v also depends on both age and tx. There
is a negative relationship between ty, and z. Large 7
and small ¢ty correspond to advanced mass segregation,
accordingly, small = and large t,x mean small scale mass
segregation.

From the propagating the errors in age (Column 5
of Table 6), radii, and N (Column 6 of Table 4) into t
and z, the uncertainties of the evolutionary parameters
() are estimated. The errors in ages and radii are at a
similar (~ 3% — 13%) level. If the uncertainties in the num-
ber of stars (V) become to be larger, this is responsible
for a large uncertainty in ty (Table 5) and, consequently,
a large uncertainty in the evolutionary parameter. Here,
tix and 7 are considered simply as an order of magnitude
estimate.

6 | DISCUSSION AND
CONCLUSION

6.1 | Comparison with the literature

The astrophysical parameters of four OCs have been deter-
mined from fitCMD algorithm. A comparison of E(B — V),
E(Ggp—Grp), Z, (V — My), d (pc) and age (Gyr) values of
four OCs with the literature is presented in Table 6 and
Figure 8. The reddening comparison has been given in
E(B — V), which is converted from Gaia/2MASS. The smal-
1/large differences between our values and the literature
can be seen from Table 6 and Figure 8. We leave the detail
comparison to the reader.

Reddenings and the photometric distances, which are
found from fitCMD for NGC 2587 and Mel 72, are in good
agreement with the ones of Cantat-Gaudin et al. (2020).
Differences of the reddenings and distances for Col 268
and Pismis 7 are up to 0.16-0.18 mag and ~ 1.0 kpc,
respectively. This stems from the usage of Z values of
fitCMD, instead of solar abundance. For Mel 72, our
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FIGURE 8 The differences between this paper and literature
for E(B — V), d(kpc), and age (Gyr) in Table 6

reddenings/distances/ages are in good agreement with
Hendey & Tadross (2021). The obtained photometric dis-
tances from fitCMD provide somewhat close distances, as
compared to Gaia DR2 distances (Column 6 of Table 2).
For NGC 2587 and Mel 72, both distances are in good con-
cordance. The differences of both distances are at a level of
~ 1.0 kpc for Col 268 and Pismis 7.

The results for Pismis 7 are necessarily rather tenta-
tive. It is the most distant and the most heavily reddened
cluster and clearly shows that its stars are differentially
reddened.

As emphasized by Paunzen & Netopil (2006) and
Moitinho (2010), the small/large discrepancies in ages
and distance moduli/distances (Table 6) result from the

adopted isochrones and the reddening values, which are
found from CMDs. Although the B12 Padova isochrones
are used for this paper and the papers of B11 and K13,
large/small differences in ages can be explained by the
derived reddenings.

The dimensions, total masses, MF slopes, and star
numbers of four OCs are presented in Table 7 together
with the literature values. The inconsistency of these
parameters with the literature may be partly explained by
the detected star numbers (Column 13 of Table 7).

6.2 | Dynamical evolution of four OCs
The relations between dynamical evolution parameters
are presented in Figure 9a-f. The relations, the horizontal
lines, the labels R1-R4, “C” and filled gray points of pan-
els (a), (e), and (f) are from Giines et al. (2017) (their figs.
11, 14, and 17). From panel (a), NGC 2587, Mel 72, and
Pismis 7 do not follow the relation of Giines et al. (2017).
These OCs can be partly attributed to clusters with large
radii retaining their masses. Whereas Col 268 with the
small dimensions is quite close to the relation (dashed
diagonal).

The relaxation times/evolutionary parameters of four
OCs exhibit similarity because they are all within one
sigma of one another (Table 5 and panel b). Except NGC
2587, the ages of the remaining OCs are higher than their
relaxation times. So, they are dynamically relaxed. From
panel c, they seem to be less massive OCs than my =
1000 mg. Mass function gives the distribution of the stars
in the cluster. In this context, NGC 2587’s steep MFs (y =
+1.98) means that its low-mass stars outnumber its mas-
sive ones (panel d). This OC did not undergo dynamical
evolution due to its small evolutionary time. This explains
the reason that this OC lies in R1/R3 with large cluster/s-
mall core radii (panels e and f). The relatively flat (as
compared to y = +1.35 of Salpeter (1955) or y = 1.30 of
Kroupa (2001)) MF slopes of Col 268 and especially Mel 72
(panel d) suggest that both OCs present signs of a some-
what advanced dynamical evolution, in the sense that they
appear to have lost a significant fraction of their low-mass
stars to the field.

Col 268 with the small dimensions (Rcore, RrDP) =
(0.9, 5.0) pc is intrinsically small. Instead of shrinking in
size and mass with time, it may have a primordial ori-
gin which may be related to high molecular gas density in
Galactic directions (Camargo et al. (2010); van den Berg
et al. (1991). Note that Col 268 (0.5 Gyr) falls in the range
“C” (panels e-f).

Pismis 7’s negative/flat MFs (panel d) implies that
its high-mass stars slightly outnumber its low-mass stars.
Due to its 7 = 6.7 value, Pismis 7 shows a sign of mild
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dynamical evolution. In this context, its high mass stars
move toward the central region, while its low mass stars
are continually being lost to the field. Regarding Pismis 7,

it is the most distant OC, so completeness may affect the
detection of its low-mass content. However, since its age is
about 1 Gyr, mass segregation also may play some role in
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FIGURE 10
distribution of our sample OCs
(filled circles). The schematic
projection of the galaxy is seen
from the North pole. (Xgc,
Ygc) kpe show the
Galactocentric cartesian

Spatial

coordinates

Y (kpc)

depleting its low-mass stars. The combination of these two
factors may explain its MFs.

In panels e-f, the cluster dimension versus cluster
age is given. As discussed by Camargo et al. (2010), this
kind of relationship provides some information for clus-
ter survival/dissociation rates. From this perspective, some
clusters expand with time, while some seem to shrink.
According to Mackey & Gilmore (2003), the dynamical
evolution of the core/cluster radii of the clusters started
at 500-600 Myr (the label “C,” panels e-f), and continued
to 1 Gyr. A bifurcation occurs at an age ~ 1 Gyr. Pismis
7 locates at the bifurcation. Mel 72 locates in R2 region.
Therefore, the outer parts of Mel 72 and Pismis 7 expand
with time. However, Mel 72’ core contracts because of
dynamical relaxation, depending on its R4 location. How-
ever, Pismis 7’s core may expand with the time because its
massive stars move toward its central parts, given its mild
dynamical evolution.

Considering the locations of four OCs in the galaxy
(Table 1; Figure 10), NGC 2587, Mel 72, and Pismis 7
locate at third quadrant (outside solar circle), which is a
region with low density of GMCs. So, except for Pismis
7, they do not seem to expose to the external dynamical
effects much, such as tidal stripping due to disk and bulge
crossings plus encounters with GMCs. Col 268 did not
seem to lost its star content much because of the presence
of massive GMCs, and tidal effects from disk and Bulge
crossings as external process, taking care its direction (£ =
305°.54, Rgc = 7.6 kpc).®

SWe adopt the value Ry, = 8.2 + 0.1 kpc of (Bland-Hawthorn &
Gerhard 2016) for their R distances.

Nachrichten

Star clusters usually present crowding, especially
toward the central region. This means that, near the center,
some fraction of the faintest stars will not be detected
because of crowding. At the outer parts where crowding
is less important, one can get more faint stars observed.
However, two factors should be considered on our results.
A large uncertainty in tyx and = reduces the reliability
of the interpretation of the dynamic evolution of these
OCs. In this respect, for the interpretations we consider
their mean values as a simple approach. Binaries widen
the main sequence of the OCs by 0.75 mag, so the the-
oretical isochrones are fitted to the mid-points of CMDs
of the OCs, rather than the faint or blue sides (Carney
& Harris 2001). Due to a consequence of the dynami-
cal evolution in OCs, multiple systems tend to concen-
trate in central regions (Takahasi & Portegies Zwart 2000).
Because of a significant fraction of binaries in the central
parts of OCs, the number of low-mass stars is under-
estimated with respect to the high mass stars (Bonatto
et al. 2005).

ACKNOWLEDGMENTS

The authors thank their referee for his/her valuable sug-
gestions/comments. This paper has made use of results
from the European Space Agency (ESA) space mission
Gaia, the data from which were processed by the Gaia
Data Processing and Analysis Consortium (DPAC). Fund-
ing for the DPAC has been provided by national insti-
tutions, in particular the institutions participating in the
Gaia Multilateral Agreement. The Gaia mission website
is http: //www.cosmos.esa.int/gaia. This paper has also
made use of the WEBDA database, operated at the Institute

858017 SUOWILLIOD @A 181D 3|cedldde ayy Aq peusenob a1e so ol YO ‘8sh Josa|n. 10y ARiq1T8UIIUO A1 UO (SUONIPUCD-PUB-SULBI WO A8 | 1M ARIq 1 BUI|UO//SANL) SUORIPUOD PUe SWB | 8U1 88S *[5202/0T/ST] Lo AkidqiTauluo A8|im ‘AisIeAIuN UnpeH uq | Aq £86ETTZ0Z BUSe/Z00T 0T/I0p/L00" A8 1M Ake.d 1 jpul|uo//:sdny wol pepeojumod ‘8-2 ‘T202 ‘Y66ETZST


http://www.cosmos.esa.int/gaia

988 Astronomische

CAKMAK ET AL.

Nachrichten

for Astronomy of the University of Vienna. This publica-
tion also makes use of SIMBAD database-VizieR (http://
vizier.u-strasbg.fr/viz-bin/VizieR?-source=I1/246).

REFERENCES

Ahumada, J. A. 2005, AN, 326, 3.

Bailer-Jones, C. A. L., Rybizki, J., Fouesneau, M., Demleitner, M., &
Andrae, R. 2021, AJ, 161, 147.

Bailer-Jones, C. A. L., Rybizki, J., Fouesneau, M., Mantelet, G., &
Andrae, R. 2018, AJ, 156, 58.

Balaguer-Nunez, L., Tian, K. P.,, & Zhao, J. L. 1998, A&AS, 133, 387.

Bertelli, G., Bressan, A., Chiosi, C., Fagotto, F., & Nasi, E. 1994,
A&AS, 106, 275.

Bica, E., Bonatto, C., & Camargo, D. 2008, MNRAS, 385, 349.
Binney, J., & Merrifield, M. 1998, Galactic Astronomy, Princeton
Series in Astrophysics, Princeton University Press (Princeton).

Bland-Hawthorn, J., & Gerhard, O. 2016, ARA&A, 54, 529.

Bonatto, C. 2019, MNRAS, 483, 2758.

Bonatto, C., & Bica, E. 2006, A&A, 455, 931.

Bonatto, C., & Bica, E. 2007, MNRAS, 377, 1301.

Bonatto, C., & Bica, E. 2011, MNRAS, 415, 313.

Bonatto, C., Bica, E., & Girardi, L. 2004, A&A, 415, 571.

Bonatto, C., Bica, E., & Santos, J. F. C. Jr. 2005, A&A, 433, 917.

Bressan, A., Marigo, P., Girardi, L., Salasnich, B., Dal Cero, C.,
Rubele, S., & Nanni, A. 2012, MNRAS, 427, 127.

Brown, A. G. A., Vallenari, A., Prusti, T., et al. 2018, A&A, 616, 1G.

Bukowiecki, L., Maciejewski, G., Konorski, P., & Strobel, A. 2011,
ACA, 61, 231.

Camargo, D., Bonatto, C., & Bica, E. 2010, A&A, 521, 42.

Cantat-Gaudin, T., Anders, F., Castro-Ginard, A., et al. 2020, A&A,
640, 1.

Cantat-Gaudin, T., Jordi, C., Vallenari, A., et al. 2018, A&A, 618, 93.

Carney, B. W., & Harris, W. E. 2001, Star Clusters, Saas-Fee Advanced
Course 28, Springer-Verlag (New York).

Dias, W. S., Monteiro, H., Lepine, J. R. D., & prates, R., Gneiding,
C.D., Sacchi, M. 2018, MNRAS, 481, 3887.

Gieles, M., Athanassoula, E., & Portegies-Zwart, S. 2007, MNRAS,
376, 809.

Girardi, L., Bressan, A., Bertelli, G., Chiosi, C. A&AS, 2000, 141, 371.

Girardi, L., Bertelli, G., Bressan, A., Chiosi, C., Groenewegen, M.A.T.,
Marigo, P., Salasnich, B., Weiss, A. 2002, A&A, 391, 195.

Glines, O., Karatas, Y., & Bonatto, C. 2017, AN, 338, 464.

Hasegawa, T., Sakamoto, T., & Malasan, H. L. 2008, PASJ, 60, 1267.

Hendey, Y. H. M., & Tadross, A. L. 2021, AN, arXiv:2103.

Kharchenko, N. V., Piskunov, E. A., Schilbach, E., Roeser, S., &
Scholz, R. D. 2013, A&A, 558A, 53.

King, I. 1966, AJ, 71, 64.

Kroupa, P. 2001, MNRAS, 322, 231.

Lamers, H. J. G. L. M., & Gieles, M. 2006, A&A, 455, 17.

Lejeune, T., & Schaerer, D. 2001, A&A, 366, 538.

Lindegren, L., Hernandez, J., Bombrun, A., Klioner, S., et al. 2018,
A&A, 616, A2.

Lindegren, L., Klioner, S. A., Hernandez, J., et al. 2021, A&A, 649, 9.

Mackey, A. D., & Gilmore, G. F. 2003, MNRAS, 338, 120.

Marigo, P., Girardi, L., Bressan, A., Groenewegen, M. A. T., Silva, L.,
& Granato, G. L. 2008, A&A, 482, 883.

Marigo, P., Girardi, L., Bressan, A., et al. 2017, ApJ, 835, 77.

Mermilliod, J. C. 1992, Bull. Inform, 40, 115.

Moffat, A. F.J., & Vogt, N. 1975, A&AS, 20, 155.

Moitinho, A. 2010, Star Clusters: Basic Galactic Building Blocks, Proc.
IAU Symp. n0.266, Cambridge University Press (London).

Paunzen, E., & Netopil, M. 2006, MNRAS, 371, 1641.

Pedregosa, F., Varoquaux, G., Gramfort, A., et al. 2011, JMLR, 12,
2825.

Piatti, A. E., Claria, J. J., & Ahumada, A. V. 2009, MNRAS, 397, 1073.

Piatti, A. E., Claria, J. J., & Ahumada, A. V. 2010, MNRAS, 402, 2720.

Salpeter, E. 1955, ApJ, 121, 161.

Sariya, D. P., Yadav, R. K. S, Yadav, B., & A. 2012, A&A, 543, 87.

Tadross, A. L. 2011, JKAS, 44, 1.

Takahasi, K., & Portegies Zwart, S. F. 2000, ApJ, 535, 759.

van den Berg, S., Morbey, C., & Pazder, J. 1991, ApJ, 375, 594.

Wu, Z. Y., Tian, K. P,, Balaguer-Nunez, L., Jordi, C., Zhao, J. L., &
Guibert, J. 2002, A&A, 381, 464.

AUTHOR BIOGRAPHY

Hikmet Cakmak received his Ph.D. degree from
Istanbul University, Faculty of Science, Department of
Astronomy and Space Sciences in 2017, in the field of
Astronomy. He is currently working as a researcher in
the same department. He worked on the solar corona
and solar sunspots. He is currently doing photomet-
ric, astrometric and kinematic studies on open star
clusters.

How to cite this article: Cakmak, H., Giines, O.,
Karatas, Y., & Bonatto, C. 2021, Astron. Nachr., 342,
975. https://doi.org/10.1002/asna.202113983

858017 SUOWILLIOD @A 181D 3|cedldde ayy Aq peusenob a1e so ol YO ‘8sh Josa|n. 10y ARiq1T8UIIUO A1 UO (SUONIPUCD-PUB-SULBI WO A8 | 1M ARIq 1 BUI|UO//SANL) SUORIPUOD PUe SWB | 8U1 88S *[5202/0T/ST] Lo AkidqiTauluo A8|im ‘AisIeAIuN UnpeH uq | Aq £86ETTZ0Z BUSe/Z00T 0T/I0p/L00" A8 1M Ake.d 1 jpul|uo//:sdny wol pepeojumod ‘8-2 ‘T202 ‘Y66ETZST


http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=II/246
http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=II/246

